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On-Site Ammonia Purification for 
Semiconductor Manufacture 



BACKGROUND AND SUMMARY OF THE INVENTION 

The present invention relates to systems and methods for supplying ultra-high-purity 
ammonia for semiconductor manufacture. 

Contamination in IC Manufacturing 

Contamination is generally an overwhelmingly important concern in integrated circuit 
5 manufacturing. A large fraction of the steps in modern integrated circuit manufacturing are 
cleanup steps of one kind or another; such cleanup steps may need to remove organic con- 
taminants, metallic contaminants, photoresist (or inorganic residues thereof), byproducts of 
etching, native oxides, etc. 

As of 1995 the cost of a new front end (integrated circuit wafer fabrication facility) is 
10 typically more than a billion dollars ($1,000,000,000), and a large fraction of this cost is 
directed to measures for particulate control, cleanup, and contamination control. 

One important source of contamination is impurities in the process chemicals. Since the 
cleanups are so frequent and so critical, contamination due to cleanup chemistry is very 
undesirable. 
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Ammonia Purification 

Ammonia (NH 3 ) is an important process chemical in semiconductor manufacturing. It 
is very commonly used for deposition of silicon nitride, and may also be used for nitridation or 
for deposition of other nitrides. Ammonia (in the form of ammonium hydroxide) is also widely 
5 used in the) basic cleanup portion of the standard RCA cleanup. (The RCA cleanup includes: 
1) solvent wash to remove gross organics - in tetrachloroethylene or comparable solvent; 2) 
basic cleanup - NH 4 OH + H 2 0 2 + H 2 0 in proportions of 1:1:5 or 1:2:7; and 3) acid cleanup - 
HC1 + H 2 0 2 + H 2 0 in proportions of 1:1:6 or 1:2:8.) See W.Runyan and K.Bean, 
Semiconductor Integrated Circuit Processing Technology (1990), which is hereby 

10 incorporated by reference. For semiconductor manufacturing, such cleanup reagents are 
normally bought as packaged containers. However, this implies that some handling of the 
solutions in those containers will be necessary, both at the manufacturer's plant and at the use 
location. Such handling of ultra-high purity chemicals is always undesirable. 

Ammonia presents particular difficulties, since liquid ammonia contains both solid and 

1 5 volatile impurities, many of which are damaging to electronic components if present during the 
manufacturing process. The impurities level and content may vary widely depending on the 
source as well as the handling method, and all such impurities must be removed before the 
ammonia can be used in electronic component production lines. 

To meet this standard, production facilities have had to obtain high-quality ammonia at 

20 considerable cost from the limited sources which are able to supply ammonia at an acceptable 
grade. Only qualified suppliers can be used, and new suppliers must be qualified before their 
product can be accepted. This cost and the lack of flexibility add considerably to the cost of the 
components. 

A further constraint is presented by Department of Transportation regulations, under 
25 which aqueous ammonia must be shipped at ammonia concentrations no higher than 30%. 

Clearly there is a need for a reliable means of supplying ammonia at a purity level which 
will pjpduce a high yield of acceptable product in ultra-high precision components, and which 
can meet the requirements of advancing electronics technology. 

Ammonia Purification 

30 It has now been discovered that ammonia can be supplied to a production line for 

high-precision electronic devices in ultra-high purity form by use of an on-site system which 
draws ammonia vapor from a liquid ammonia reservoir, passes the ammonia vapor through a 
microfiltration filter, and scrubs the filtered vapor with high-pH purified water. The uniqueness 
of this discovery is that it can convert commercial grade ammonia to ammonia of sufficiently 

35 high purity for high-precision manufacturing without the need for conventional column 
distillation. The drawing of the ammonia vapor from the supply reservoir serves by itself as a 
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single-stage distillation, eliminating nonvolatile and high-boiling impurities, such as alkali and 
alkaline earth metal oxides, carbonates and hydrides, transition metal halides and hydrides, and 
high-boiling hydrocarbons and halocarbons. The reactive volatile impurities that could be found 
in commercial grade ammonia, such as certain transition metal halides, Group III metal hydrides 
5 and halides, certain Group IV hydrides and halides. and halogens, previously thought to require 
distillation for removal, are now discovered to be capable of removal by scrubbing to a degree 
which is adequate for high-precision operations. This is a highly unusual discovery, since 
scrubber technology is traditionally used for the removal of macro-scale, rather than micro-scale, 
impurities. In the present invention, the scrubber lowers the levels of impurities which are 

10 damaging to semiconductor wafer manufacture to less than 1 ppb per element or less than 30 
ppb total. For operations where even greater purity is desired, distillation may also be performed 
subsequent to the scrubbing. An advantage of the invention, however, is that if distillation is 
included, the scrubber considerably lessens the burden on, and design requirements for, the 
distillation column, enhancing the product purity even further. The removal of impurities which 

15 are close-boiling relative to ammonia, such as reactive hydrides, fluorides, and chlorides, 
simplifies the distillation column design considerably. 

On-Site P reparation of Ultrapure Mixed Cleanup Solutions 

The present application discloses preparation of mixed cleanup solutions, such as the 
RCA acidic cleanup and the RCA basic cleanup, at the site of a wafer fabrication facility, from 
20 ingredients which themselves have been ultrapurified at the same site. 

The RCA cleanup includes: 1) solvent wash to remove gross organics - in 
tetrachloroethylene or comparable solvent; 2) basic cleanup - NH 4 OH + H 2 0 2 + H 2 0; and 3) 
acid cleanup - HC1 + H 2 0 2 + H 2 0.) See W.Runyan and K.Bean, Semiconductor Integrated 
Circuit Processing Technology (1990), which is hereby incorporated by reference. 

25 ^The RCA basic cleanup solution is typically NH 4 OH + H 2 0 2 + H 2 0 in proportions of 

1:1:5 or 1:2:7. According to one of the innovative teachings disclosed herein, RCA basic 
cleanup (or analogous cleanup solutions) is generated at the site of a wafer manufacturing plant, 
by combination of ultra-pure ammonia which has been purified on-site with ultra-pure hydrogen 
peroxide which has been purified on-site. Thus purity is increased, and the risk of undetected 
• 30 accidental contamination is reduced. 

Brief Description of the Drawing 

The disclosed inventions will be described with reference to the accompanying drawings, 
which show important sample embodiments of the invention and which are incorporated in the 
specification hereof by reference, wherein: 
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Figure 1 is an engineering flow diagram of one example of a unit for the production of 
ultrapure ammonia. 

Figure 2 is a block diagram of semiconductor cleanup stations, in a wafer fabrication 
facility in which the ammonia purification of Figure 1 may be incorporated. 
5 Figure 3 shows generation of an RCA cleanup solution on-site, at a wafer fabrication 

facility, using two components (in addition to ultrapure water) which have both been 
uitrapurified on-site at the same facility. 

Figure 3 A shows the process flow of the generation system of the presently preferred 
embodiment 

1 0 Figures 3B1+3B2 are parts of a single large figure which shows a integrated purification 

and generation system. 

Detailed Description of the Preferred Embodiments 

The numerous innovative teachings of the present application will be described with 
particular reference to the presently preferred embodiment (by way of example, and not of 
15 limitation), in which: - 

Purification of NHj 

In accordance with this invention, ammonia vapor is first drawn from the vapor space 
in a liquid ammonia supply reservoir. Drawing vapor in this manner serves as a single-stage 
distillation, leaving certain solid and high-boiling impurities behind in the liquid phase. The 

20 supply reservoir can be any conventional supply tank or other reservoir suitable for containing 
ammonia, and the ammonia can be in anhydrous form or an aqueous solution. The reservoir can 
be maintained at atmospheric pressure or at a pressure above atmospheric if desired to enhance 
the flow of the ammonia through the system. The reservoir is preferably heat controlled, so that 
the temperature is within the range of from about 10° to about 50°C, preferably from about 15° 

25 to about 35°C, and most preferably from about 20° to about 25°C. 

Impurities that will be removed as a result of drawing the ammonia from the vapor phase 
include metals of Groups I and II of the Periodic Table, as well as aminated forms of these 
metals which form as a result of the contact with ammonia. Also rejected will be oxides and 
carbonates of these metals, as well as hydrides such as beryllium hydride and magnesium 

30 hydride; Group III elements and their oxides, as well as ammonium adducts of hydrides and 
halides of these elements; transition metal hydrides; and heavy hydrocarbons and halocarbons 
such as pump oil. 

The ammonia drawn from the reservoir is passed through a filtration unit to remove any 
solid matter entrained with the vapor. Microfiltration and ultrafiltration units and membranes 
35 are commercially available and can be used. The grade and type of filter will be selected 
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according to need. The presently preferred embodiment uses a gross filter, followed by a 0.1 
micron filter, in front of the ionic purifier, and no filtration after the ionic purifier. 

The filtered vapor is then passed to a scrubber in which tAe vapor is scrubbed with 
high-pH purified (preferably deionized) water. The high-pH watetf is preferably an aqueous 
5 ammonia solution, with the concentration raised to saturation by recycling thfough the scrubber. 
The scrubber may be conveniently operated as a conventional scrubbing column in 
countercurrent fashion. Although the operating temperature is not critical, the column is 
preferably run at a temperature ranging from about 10° to about 50°C, preferably from about 
15° to about 35°C. Likewise, the operating pressure is not critical, although preferred operation 

10 will be at a pressure of from about atmospheric pressure to about 30 psi above atmospheric. 
The column will typically contain a conventional column packing to provide for a high degree 
of contact between liquid and gas, and preferably a mist removal section as well. 

In one presently preferred example, the column has a packed height of approximately 
3 feet (0.9 meter) and an internal diameter of approximately 7 inches (18 cm), to achieve a 

15 packing volume of 0.84 cubic feet (24 liters), and is operated at a pressure drop of about 0,3 
inches of water (0.075 kPa) and less than 10% flood, with a recirculation flow of about 2.5 
gallons per minute (0.16 liter per second) nominal or 5 gallons per minute (0.32 liter per 
second) at 20% flood, with the gas inlet below the packing, and the liquid inlet above the 
packing but below the mist removal section. Preferred packing materials for a column of this 

20 description are those which have a nominal dimension of less than one-eighth of the column 
diameter. The mist removal section of the column will have a similar or more dense packing, 
and is otherwise conventional in construction. It should be understood that all descriptions and 
dimensions in this paragraph are examples only. Each of the system parameters may be varied. 
In typical operation, startup is achieved by first saturating deionized water with ammonia 

25 to form a solution for use as the starting scrubbing medium. During operation of the scrubber, 
a small amount of liquid in the column sump is drained periodically to remove accumulated 
impurities. 

Examples of impurities that will be removed by the scrubber include reactive volatiles 
such as silane (SiH 4 ) and arsine (AsH 3 ); halides and hydrides of phosphorus, arsenic, and 
30 antimony; transition metal halides in general; and Group III and Group VI metal halides and 
hydrides. 

The units described up to this point may be operated in either batchwise, continuous, or 
semi-continuous manner. Continuous or semi-continuous operation is preferred. The volumetric 
processing rate of the ammonia purification system is not critical and may vary widely. In most 
35 operations for which the present invention is contemplated for use, however, the flow rate of 
ammonia through the system will be within the range of about 200 cc/h to thousands of liters 
per hour. 
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Optionally the ammonia leaving the scrubber can be further purified prior to use. 
depending on the particular type of manufacturing process for which the ammonia is being 
purified. When the ammonia is intended for use in chemical vapor deposition, for example, the 
inclusion of a dehydration unit and a distillation unit in the system will be beneficial. The 
distillation column may also be operated in either batchwise, continuous, or semi-continuous 
manner. In a batch operation, a typical operating pressure might be 300 pounds per square inch 
absolute (2,068 kPa), with a batch size of 100 pounds (45.4 kg). The column in this example 
has a diameter of 8 inches (20 cm), a height of 72 inches (183 cm), operating at 30% of flood, 
with a vapor velocity of 0.00221 feet per second (0.00067 meter per second), a height equivalent 
to a theoretical plate of 1.5 inches (3.8 cm), and 48 equivalent plates. The boiler size in this 
example is about 18 inches (45.7 cm) in diameter and 27 inches (68.6 cm) in length, with a 
reflux ratio of 0.5, and recirculating chilled water enters at 60°F (15.6°C) and leaves at 90°F 
(32.2°C). Again, this is merely an example; distillation columns varying widely in construction 
and operational parameters can be used. 
1 5 Depending on its use, the purified ammonia, either with or without the distillation step, 

may be used as a purified gas or as an aqueous solution, in which case the purified ammonia 
is dissolved in purified (preferably deionized) water. The proportions and the means of mixing 
are conventional. 

A flow chart depicting one example of an ammonia purification unit in accordance with 
20 this invention is shown in Figure 1. Liquid ammonia is stored in a reservoir 11. Ammonia 
vapor 12 is drawn from the vapor space in the reservoir, then passed through a shutoff valve 
13, then through a filter 14. The filtered ammonia vapor 15, whose flow is controlled by a 
pressure regulator 1 6, is then directed to a scrubbing column 1 7 which contains a packed section 
18 and a mist removal pad 19. Saturated aqueous ammonia 20 flows downward as the ammonia 
25 vapor flows upward, the liquid being circulated by a circulation pump 21, and the liquid level 
controlled by a level sensor 22. Waste 23 is drawn off periodically from the retained liquid in 
the bottom of the scrubber. Deionized water 24 is supplied to the scrubber 17, with elevated 
pressure maintained by a pump 25. The scrubbed ammonia 26 is directed to one of three 
alternate routes. These are: 
30 (1) A distillation column 27 where the ammonia is purified further. The resulting distilled 
ammonia 28 is then directed to the point of use. 

(2) A dissolving unit 29 where the ammonia is combined with deionized water 30 to form an 

aqueous solution 31, which is directed to the point of use. For plant operations 
with multiple points of use, the aqueous solution can be collected in a holding 
35 tank from which the ammonia is drawn into individual lines for a multitude of 

point-of-use destinations at the same plant. 

(3) A transfer line 32 which carries the ammonia in gaseous form to the point of use. 
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The second and third of these alternatives, which do not utilize the distillation column 27, are 
suitable for producing ammonia with less than 100 pans per trillion of any metallic impurity. 
For certain uses, however, the inclusion of the distillation column 27 is preferred. Examples are 
furnace or chemical vapor deposition (CVD) uses of the ammonia. If the ammonia is used for 
5 CVD, for example, the distillation column would remove non-condensables Such as oxygen and 
nitrogen, that might interfere with CVD. In addition, since the ammonia leaving the scrubber 
17 is saturated with water, a dehydration unit may be incorporated into the system between the 
scrubber 17 and the distillation column 27, as an option, depending on the characteristics and 
efficiency of the distillation column. 
10 With any of these alternatives, the resulting stream, be it gaseous ammonia or an aqueous 

solution, may be divided into two or more branch streams, each directed to a different use 
station, the purification unit thereby supplying purified ammonia to a number of use stations 
simultaneously. 

Generation of Aoueous Ammonia 
15 The ultrapure gaseous ammonia produced by the apparatus of Figure 1 is preferably 

converted into aqueous ammonia for use in wafer cleaning. Figure 3A shows the process flow 
of the generation system of the presently preferred embodiment. 

Figures 3B1+3B2 are parts of a single large figure which shows an integrated 
purification and generation system. This figure is a P&ID diagram, which shows great detail 
20 of the presently preferred embodiment which has been proven to produce contaminant levels to 
far below 100 ppt. 

Generation of Mixed Cleanup Solutions 

Figure 3 shows generation of an RCA cleanup solution on-site, at a wafer fabrication 
facility, using two components (in addition to ultrapure water) which have both been 
25 ultrapurified on-site at the same facility. In this example, the cleanup solution is RCA basic 
solution, and the components are NH 4 OH and H 2 0 2 . 

Wafer Cleaning 

Some cleanup stations in a conventional line for semiconductor fabrication are depicted 
in Figure 2. The first unit in the cleaning line is a resist stripping station 41 where aqueous 
30 hydrogen peroxide 42 and sulfuric acid 43 are combined and applied to the semiconductor 
surface to strip off the resist. This is succeeded by a rinse station 44 where deionized water is 
applied to rinse off the stripping solution. Immediately downstream of the rinse station 44 is 
a cleaning station 45 where an aqueous solution of ammonia and hydrogen peroxide are applied. 
This solution is supplied in one of two ways. In the first, aqueous ammonia 31 from the 
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dissolving unit 29 shown in FIG. 1 is combined with aqueous hydrogen peroxide 46, and the 
resulting mixture 47 is directed to the cleaning station 45. In the second, pure gaseous ammonia 
32 from the like-numbered line in FIG. 1 is bubbled into an aqueous hydrogen peroxide solution 
48 to produce a.similar mixture 49, which is likewise directed to the cleaning station 45. Once 
5 cleaned with the ammonia/hydrogen peroxide combination, the semiconductor passes to a second 
rinse station 50 where deionized water is applied to remove the cleaning solution. The next 
station is a further cleaning station 54 where aqueous solutions of hydrochloric acid 55 and 
hydrogen peroxide 56 are combined and applied to the semiconductor surface for further 
cleaning. This is followed by a final rinse station 57 where deionized water is applied to 

10 remove the HC1 and H 2 0 2 , and finally a drying station 58. The wafer or wafer batch 51 will 
be held on a wafer support 52, and conveyed from one workstation to the next by a robot 63 
or some other conventional means of achieving sequential treatment. The means of conveyance 
may be totally automated, partially automated or not automated at all. Note that purified HC1 
for the acid cleaning station 54 may be prepared and supplied on site in a manner similar to that 

15 of the ammonia purification system of FIG. 1. 

The system shown in FIG. 2 is just one example of a cleaning line for semiconductor 
fabrication. In general, cleaning lines for high-precision manufacture can vary widely from that 
shown in FIG. 2, either eliminating one or more of the units shown or adding or substituting 
units not shown. The concept of the on-site preparation of high-purity aqueous ammonia, 

20 however, in accordance with this invention is applicable to all such systems. 

The use of ammonia and hydrogen peroxide as a semiconductor cleaning medium at 
workstations such as the cleaning station 45 shown in FIG. 2 is well known throughout the 
industry. While the proportions vary, a nominal system would consist of deionized water, 29% 
ammonium hydroxide (weight basis) and 30% hydrogen peroxide (weight basis), combined in 

25 a volume ratio of 6:1:1. This cleaning agent is used to remove organic residues, and, in 
conjunction with ultrasonic agitation at frequencies of approximately 1 MHz, removes particles 
down to the submicron size range. 

In one class of embodiments, the purification (or purification and generation) system is 
positioned in close proximity to the point of use of the ammonia in the production line, leaving 

30 only a short distance of travel between the purification unit and the production line. Alter- 
natively, for plants with multiple points of use for purified ammonia, the ammonia from the 
purification (or purification and generation) unit may pass through an intermediate holding tank 
before reaching the points of use. Each point of use will then be fed by an individual outlet line 
from the holding tank. In either case, the ammonia can therefore be directly applied to the 

35 semiconductor substrate without packaging or transport and without storage other than a small 
in-line reservoir, and thus without contact with the potential sources of contamination normally 
encountered when chemicals are manufactured and prepared for use at locations external to the 
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manufacturing facility. In this class of embodiments, the distance between the point at which 
the ammonia leaves the purification system and its point of use on the production line will 
generally be a few meters or less. This distance will be greater when the purification system 
is a central plant-wide system for piping to two or more use stations, in which case the distance 
5 may be two thousand feet or greater. Transfer can be achieved through anmltra-clean transfer 
line of a material which does not introduce contamination. In most applications, stainless steel 
or polymers such as high density polyethylene or fluorinated polymers can be used successfully. 

Due to the proximity of the ammonia purification unit to the production line, the water 
used in the unit can be purified in accordance with semiconductor manufacturing standards. 

1 0 These standards are commonly used in the semiconductor industry and well known among those 
skilled in the art and experienced in the industry practices and standards. - Methods of purifying 
water in accordance with these standards include ion exchange and reverse osmosis. Ion 
exchange methods typically include most or all of the following units: chemical treatment such 
as chlorination to kill organisms; sand filtration for particle removal; activated charcoal filtration 

15 to remove chlorine and traces of organic matter: diatomaceous earth filtration; anion exchange 
to remove strongly ionized acids; mixed bed polishing, containing both cation and anion 
exchange resins to remove further ions; sterilization, involving chlorination or ultraviolet light; 
and filtration through a filter of 0.45 micron or less. Reverse osmosis methods will involve, in 
place of one or more of the units in the ion exchange process, the passage of the water under 

20 pressure through a selectively permeable membrane which does not pass many of the dissolved 
or suspended substances. Typical standards for the purity of the water resulting from these 
processes are a resistivity of at least about 15 megohm-cm at 25°C (typically 18 megohm-cm 
at 25°C), less than about 25ppb of electrolytes, a particulate content of less than about 150/cm 3 
and a particle size of less than 0.2 micron, a microorganism content of less than about 10/cm 3 , 

25 and total organic carbon of less than lOOppb. 

In the process and system of this invention, a high degree of control over the product 
concentration and hence the flow rates is achieved by precise monitoring and metering using 
known equipment and instrumentation. A convenient means of achieving this for ammonia is 
by vapor pressure measurement. Other methods will be readily apparent to those skilled in the 

30 art. 

Modifications and Variations 

As will be recognized by those skilled in the art, the innovative concepts described in 
the present application can be modified and varied over a tremendous range of applications, and 
accordingly the scope of patented subject matter is not limited by any of the specific exemplary 
35 teachings given. 
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For example, a less preferred alternative is to use an aqueous ammonia supply (with 
heating) to provide an NH 3 source. This has the disadvantage that ammonia saturates at a 
relatively low concentration {e.g. 30%), and hence is a relatively weak source of gaseous 
ammonia; but this is a possible modification of the disclosed innovative concepts, and, while 
less economically attractive, wou^d retain at least some of the advantages\>f the disclosed in- 
novations. 

For example, the disclosed innovative techniques are not strictly limited to manufacture 
of integrated circuits, but can also be applied to manufacturing discrete semiconductor 
components, such as optoelectronic and power devices. 

For another example, the disclosed innovative techniques can also be adapted to 
manufacture of other technologies where integrated circuit manufacturing methods have been 
adopted, such as in thin-film magnetic heads and active-matrix liquid-crystal displays; but the 
primary application is in integrated circuit manufacturing, and applications of the disclosed 
techniques to other areas are secondary. 
15 For another example, it is not strictly necessary to use a scrubber to perform the liquid- 

vapor contact; a bubbler could be used instead, although this is much less desirable because of 
the less efficient gas/liquid contact 

Optionally other filtration or filtration stages can be combined with the disclosed 
purification apparatus. 

20 It should also be noted that additives can be introduced into the purification water if 

desired, although this is not done in the presently preferred embodiment. 

As noted above, the primary embodiment is an on-site purification system. Alternatively, 
in a less preferred class of embodiment, the disclosed purification system can also be adapted 
to operate as a part of a manufacturing unit to produce ultra-high-purity chemicals for shipment; 

25 however, this alternative embodiment does not provide the advantages of on-site purification as 
discussed above. Such applications encounter the inherent risks of handling ultra-high-purity 
chemicals, as discussed above; but for customers who require packaged chemicals (with the 
attendant handling), the disclosed innovations at least give a way to achieve an initial purity 
which is higher than that available by other techniques. Again, in such applications a dryer 

30 stage may also be used after the ionic purifier. 

As noted above, the primary embodiment is directed to providing ultrapure aqueous 
chemicals, which are most critical for semiconductor manufacturing. However, the disclosed 
system and method embodiments can also be used for supply of purified gas streams. (In many 
cases, use of a dryer downstream from the purifier will be useful for this.) 

35 It should also be noted that piping for ultrapure chemical routing in semiconductor front 

ends may include in-line or pressure reservoirs. Thus references to "direct" piping in the claims 
do not preclude use of such reservoirs, but do preclude exposure to uncontrolled atmospheres. 
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The disclosed inventions are also useful for preparation of various other cleanup 
chemistries used in IC manufacturing. For example, the Shiraki cleanup is an aggressive, pre- 
epitaxy cleanup, which adds a nitric acid step to the cleanup sequence, and uses somewhat 
higher temperatures and concentrations. See Ishizaki and Shiraki, "Low Temperature Surface 
Cleaning of Silicon and its application to Silicon MBE," 133 J. Electrochem. Soc. 666 
(1986), which is hereby incorporated by reference. 
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What is claimed is: 



1. An on-site subsystem, in a semiconductor device fabrication facility, for providing ultra-high- 
purity reagents comprising ammonia to a semiconductor manufacturing operation, 
comprising: 

an evaporation source connected to receive a liquid ammonia source and to provide a flow 

of ammonia vapor therefrom; - 
said flow of ammonia vapor being connected to pass through an ionic purifier unit which 

provides a recirculating volume of high-purity water, containing a high concentration 

of ammonium hydroxide, in contact with said flow of ammonia vapor; and 
a generator unit, connected to receive said flow of ammonia vapor from said purifier and 

to combine said ammonia vapor with an aqueous liquid to produce an ultra-pure 

aqueous solution comprising ammonia; and 
a piping connection which routes said aqueous solution to points of use in the semiconductor 

device fabrication facility. 

2. The system of Claim 1, further comprising a particulate filter interposed between said 

evaporation source and said purifier. 

3. The system of Claim 1, wherein said liquid ammonia source consists of anhydrous ammonia. 

4. The system of Claim 1, wherein said recirculating volume of high-purity water does not 

contain any additives whatsoever. 

5 - The jystera of Claim 1, wherein said liquid ammonia source has only standard commercial- 
grade purity. 

6. The system of Claim 1, wherein said evaporator is a bulk storage tank. 



7. The system of Claim 1, wherein said evaporator operates at a controlled temperature, and is 
connected to receive liquid ammonia from a bulk storage tank. 
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8. An on-site subsystem, in a semiconductor device fabrication facility, for providing ultra-high- 
purity reagents comprising ammonia to a semiconductor manufacturing operation, 
comprising: 

an evaporation source connected to receive a liquid ammonia and to provide a flow of 
5 ammonia vapor therefrom; 

said flow of ammonia vapor being connected to pass through an ionic purifier unit which 

provides a recirculating volume of high-purity water, containing a high concentration 

of ammonium hydroxide, in contact with said flow of ammonia vapor; and 
a generator unit, connected to receive said flow of ammonia vapor from said purifier and 
10 to combine said ammonia vapor with an aqueous liquid to produce an ultra-pure 

aqueous solution comprising ammonia; 
whereby said ultra-pure aqueous solution can be used within the semiconductor device 

fabrication facility without bulk transfer or exposure of liquid surface to any 

uncontrolled atmosphere. 

15 9. The system of Claim 8, further comprising a particulate filter interposed between said 
evaporation source and said purifier. 

10. The system of Claim 8, wherein said liquid ammonia source consists of anhydrous 

ammonia. 

11. The system of Claim 8, wherein said recirculating volume of high-purity water does not 
20 contain any additives whatsoever. 

12. The system of Claim 8, wherein said liquid ammonia source has only standard commercial- 

grade purity. 

13. The system of Claim 8, wherein said evaporator is a bulk storage tank. 

14. The system of Claim 8, wherein said evaporator operates at a controlled temperature, and 
25 is connected to receive liquid ammonia from a bulk storage tank. 
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15. An on-site subsystem, in a semiconductor device fabrication facility, for providing ultra- 

high-purity ammonia for use in semiconductor manufacturing operations at said facility, 
comprising: 

an evaporation source connected to receive a liquid ammonia and to provide a flow of 
5 ammonia vapor therefrom; 

said flow of ammonia vapor being connected to pass through an ionic purifier unit which 
provides a recirculating volume of high-purity water, containing a high concentration 
of ammonium hydroxide, in contact with said flow of ammonia vapor; and 
a dryer unit, connected to receive said flow^of ammonia vapor from said purifier and to dry 
10 said vapor from said dryer; and 

a piping connection which routes said aqueous solution to points of use in the semiconductor 
device fabrication facility. 

16. The system of Claim 15, further comprising a particulate filter interposed between said 

evaporation source and said purifier. 

15 17. The system of Claim 15, wherein said liquid ammonia source consists of anhydrous 
ammonia. 

18. The system of Claim 15, wherein said recirculating volume of high-purity water does not 

contain any additives whatsoever. 

19. The system of Claim 15, wherein said liquid ammonia source has only standard commercial - 
20 grade purity. 

20. The system of Claim 15, wherein said evaporator is a bulk storage tank. 

21. The system of Claim 15, wherein said evaporator operates at a controlled temperature, and 

is connected to receive liquid ammonia from a bulk storage tank. 

22. A system for the preparation of ultra-high purity ammonia, said system comprising: 
25 (a) a reservoir of liquid ammonia with a vapor space above said liquid; 

(b) a connection for drawing vapor containing amiiionia gas from said vapor space; 

(c) a filtration membrane removing particles from vapor thus drawn; and 

(d) a gas-liquid interface chamber in which filtered vapor having passed through said 

filtration membrane is contacted with an aqueous solution of ammonia in deionized 
30 water, the vapor thus scrubbed being purified ammonia gas. 
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23. A system in accordance with claim 22. further comprising a distillation column arranged to 
distill vapor emerging from said scrubber. 



24. i A system for the manufacture of high-precision electronic components, said system 
I comprising: 

5 (a) a production line containing a plurality of workstations arranged to perform various 
respective steps, on wafers containing semiconductor material, in manufacture of an 
electronic component at least one of said workstations using gaseous ammonia as 
a source gas for operation on to said workpiece; and 

(b) a purification subunit connected to said workstations by piping to supply said ammonia 
10 in ultra-high purity form, said subunit comprising: 

(i) a reservoir of liquid ammonia with a vapor space above said liquid ammonia; 

(ii) a connection for drawing vapor containing ammonia gas from said vapor space; 
(Hi) a filtration membrane removing panicles from vapor thus drawn; and 

(iv) a scrubber arranged to contact filtered vapor having passed through said filtration 
15 membrane with an aqueous solution of ammonia in deionized water, the vapor 

thus scrubbed being purified ammonia gas; 

(c) said purification unit being connected to said workstations by piping, to supply said 

ammonia in ultra-high purity form. 

25. A system in accordance with claim 24 in which said subunit further comprises a distillation , 
20 column arranged to distill vapor emerging from said scrubber. 

26. A system in accordance with claim 24 in which said subunit further comprises means for 

combining said purified ammonia gas with purified water to form an aqueous ammonia 
solution. 

-.fi, 

27. A system in accordance with claim 24 in which ammonia purified by said subunit leaves 
25 said subunit at a location positioned within approximately 30 cm of said means for 

applying the product of step (b) directly to said workpiece. 

28. A system in accordance with claim 24 in which said subunit is sized to produce said 

purified ammonia gas at a rate of from about 2 t/h to about 200 L/h. 

29. A system in accordance with claim 24 in which components (ii), (iii), and (iv) of said 
30 subunit are arranged for continuous or semi-continuous flow. 
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30. A method for supplying a high-purity ammonia reagent to a workstation in a production line 

for the manufacture of a high-precision electronic component, said method comprising: 

(a) drawing ammonia gas from a vapor space above liquid ammonia in an 

ammonia-containing reservoir; 

(b) passing said ammonia gas through a filtration membrane removing particles greater than 

0.005 micron therefrom; 

(c) passing said ammonia gas thus filtered through a scrubber whereby said ammonia gas 

is contacted with an aqueous solution of ammonia in deionized water; and 

(d) recovering said ammonia gas emerging-from said scrubber and directing said ammonia 

gas to said workstation. 

31. A method in accordance with claim 30 further comprising dissolving said ammonia gas 

emerging from said scrubber in purified water prior to directing said ammonia gas to 
said workstation. 

32. A method in accordance with claim 30 further comprising passing said ammonia gas 

through a distillation column for further purification prior to directing said ammonia gas 
to said workstation. 

33. A method in accordance with claim 30 further comprising the additional step of: 

(b*) passing said ammonia gas from said scrubber through a distillation column for further 
purification, and dissolving said ammonia gas emerging from said distillation column 
in purified water prior to directing said ammonia gas to said workstation. 

34. A method in accordance with claim 30 in which step (b) is conducted at a temperature 

ranging from about 10 6 to about 50°C. 

35. A method in accordance with claim 30 in which step (b) is conducted at a temperature 

ranging from about 15° to about 35°C. 

36. A method in accordance with claim 33 in which steps (b) and (b*) are conducted at a 

temperature ranging from about 15° to about 35°C 

37. A method in accordance with claim 30 in which step (b) is conducted at a temperature 

ranging from about 15° to about 35°C and at a pressure of from about atmospheric 
pressure to about 30 psi above atmospheric pressure. 
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38. A method in accordance with claim 33 in which steps (b) and (b') are conducted at a 
temperature ranging from about 15° to about 35"C and at a pressure of from about 
atmospheric pressure to about 30 psi above atmospheric pressure. 



17 



WO 96/39265 PCT/US96/09570 




2/6 



WO 96/39265 



PCT/US96/09570 




5/6 



WO 96/39265 



PCT/US96/09570 



01 WATER EXHAUST CUEAN 120 VAC SYSTEM fMSHEO 

SUPPLY DRY CtEAW (WAIN PRODUCT 

Aff POWER * OUT 




6/6 



INTERNATIONAL SEARCH REPORT 

. + 



International application No. 
PCT/US96/09570 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :PIease Sec Extra Sheet. 
US CL : Please See Extra Sheet. 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



by classificjti 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 134/12; 423/484,488; 202/158,161,172,200; 159/47.1; 203/31, 33, 34 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
none 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS, CAS WPIDS 

search terms: semiconductor,distil?, evapor?, ultrapure HP or hydrofluoric acid, clean, wafer, regenerat? etchant 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A,P 
Y,P 
Y 

Y 
Y 



US, A, 5,500,098 (BROWN ET AL.) 19 MARCH 
1996(19.03.96), SEE COLUMN 4, LINES 46-68. 

US, A, 5,496,778 (HOFFMAN ET AL) 05 MARCH 1996 
(05.03.96), SEE ENTIRE DOCUMENT 

US, A, 5,362,469 (SESEKE-KOYRO ET AL.) 08 NOVEMBER 
1994 (08.11.94) COLUMN 3, LINES 9-14 AND COLUMN 4 
LINES 48-57. 

US, A, 5,346,557 (ITO ET AL.) 13 SEPTEMBER 1994 
(13.09.94), SEE FIG. 1 AND COLUMN 5, LINES 5-45. 

US, A, 5,288,333 (TANAKA ET AL.) 22 FEBRUARY 1994 
(22.02.94), SEE ENTIRE DOCUMENT 



ALL 
1-38 
1,8,22 

1, 8, 22 
1-38 



fx] Further documents are listed in the continuation of Box C. |~] . See patent family annex. 



'A* 
'E* 

•o- 

.p. 



Special categoric* of cited document*: 

document defining the general «Utc of the art which m not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubt* on priority claum» or which is 
cited to establish the publication data of mother citation or other 
special reason (ta specified) 

document referring to an oral disclosure, use, exhibition or other 



later document published after tfae international filing dale or priority 
dite and not io conflict with the application but ched to 
principle or theory underlying the ewentton 



document published prior to the aUernsUonal filing date but later than 
the priority date claimed 



•x* 



*Y" 



"eV 



t of particular relevance; the claimed invention 
considered novel or cannot be considered to involve an ' 
when the document ■ tak en alone 

document of particular relevance; the claimed invention 
considered to involve an inventive step when the C 
combined with one or more other such documents, such 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
20 AUGUST 1996 



Date of mailing of the international search report 

17 SEP 1996 



Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademarks 
Box PCT * 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer, 

N. BHAT^ 
Telephone No . (703) 308-065 1 



r 



Form PCT/lSA/210 (second sheet)(July 1992)* 



INTERNATIONAL.^ SEARCH REPORT 



International application No. 
PCT/US96/09570 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5,164,049 (CLARK ET AL.) 17 NOVEMBER 1992 
(17.11.92), SEE ENTIRE DOCUMENT 

US, A, 4,980,032 (DOBSON ET AL.) 25 DECEMBER 1990 
(25.12.90), SEE FIGURE 1. 

US, A, 4,952,386 (DAVISON ET AL.) 28 AUGUST 1990 
(28.08.90), SEE COLUMN 2, LINES 23-60. 

US, A, 4,929,435 (BOGHEAN ET AL.) 29 MAY 1990 
(29.05.90), SEE ABSTRACT 

US, A, 4,828,660 (CLARK ET AL.) 09 MAY 1989(09.05.89), 
SEE COLUMN 7, LINES 1-68 AND COLUMN 8, LINES 1-68. 

US, A, 4,756,899 (JENCZEWSKI ET AL.) 12 JULY 1988 
(12.07.88), SEE ABSTRACT 



1-38 

1-38 

1-38 

1,8, 22 

1-38 

1-38 



Form PCT/ISA/210 (continuation of second sheet)(July 1992)* 



INTERNATIONAL* SEARCH REPORT 


International application No. 






A. CLASSIFICATION OF SUBJECT MATTER: 




IPC (6): - 

1 




B08B 7/04; B01D 1/00, 3/00, 3/02, 3/14, 3/34; C01B 7/07, 7/19; F26B 7/00 




A. CLASSIFICATION OF SUBJECT MATTER: 




US CL : 




134/12; 423/484,488; 202/158,161.172,200; 159/47.1; 203/31. 33, 34 





Form PCT/ISA/210 (extra sheet)(Juty 1992)* 



